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INTRODUCTION 


Tho greatly extended use of the underground trolley-locomotive system 
for hauling coal without doubt was one of the most important factors in the 
rapid progress of coal mining and the increased production of coal in Amcri- 
can coal mines, during the period 1910-20. Much of the superior efficiency 
of production of our underground coal and metal mincs should also be credited 
to the trolley locomotive system. The trend to mechanization of mines during 
the past 15 years, more particularly -the past 5 years, with higher production 
per man cmployed and greatly accelerated advancement of working places, has 
required increased use of trolley locomotives, necessitating larger equip- 
ment, higher speeds, and more frequent turn over of pit cars. This is re- 
flected in increased size of locomotives and the use cf larger mine cars 
(some with a capacity up to or over 10 tons); moreover, heavier rails and 
larger-size trolley wires have been or ought to'heve been installed. Trolley- 
locomotive haulage has proved to be rapid, economical, efficient, and pro- 
ductive; nevertheless, in spite of these advantages, so many hazardous 
features 2nd unsafe conditions are involved and the price paid in life and 
property is so high as to justify the statoment that the system gnould be 
scrapped if it cannot be eRenEtes under reasonably safe conditions. 


Since bare vores wires were introduced into underground mines, they 
have been responsible for.the death of hundreds of miners, property damage 
totaling millions of dollars,.an indcterminate loss of tonnage through the 
abandonment cf mines or. parts of wines, and loss of time after disasters 
caused by fires on explosions originated by the trolley haulage system, 


The heavy ‘loss of life in some coul-mine fires in 1943 and 1944 that 
were caused by bare trolley wires has focused attention on the hazardous 
features of this system-of transportation in coal mines. Many safety- 
conscious mining people have known these-hazards for years, but operating 
executives have’ given them: little,.if any, consideration. Even progressive, 
safety-minded companies that- use only permissivle mining equipment at the 
face, permissible explosives for blasting, and permissible cap iamps for 
illumination and are careful to exclude such other sources of ignition as 
underground smoking and the indiscriminate use of welding machines, give 
little or no consideration to haulage operations as possible sources of 
ignition of gas or‘dust or .causeg af mine fires.’ Open-type trolley loco- 
motives, receiving thetr .power . through bare trolley ‘wires and causing arcs 
and sparks almost every -foot.of the, trolley line ‘when ‘the ‘haulage locomotive 
passes, operate not only in partial return-air currents-from old, abandoned, 
partly pillared areas and active workings but also on full split returns or 
on main returns in mines giving off hundreds of thousands: of. cubic. feet of 
methane a day. In hundreds of mines the bare trolley wire runs past abandoned 
territory filled with explosive gas held.in.place by relatively flimsy or 
leaky stoppings. About the only restriction ‘fs:that in some regtons:the 
trolley wire must not be extended beyond the last open crosscut, but even . 
then there seems to be no fear about extending trolley. -lLines past open work- 
ing rooms or other workings known. to be BAU EEO ANE ees ree 
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This paper proposes to point out and discuss some hazards of the bere 
trolley wire and the imminent, constant, universal danger of contact, gas- 
or dust-ignition, and fire hazards along every foot of bare wire from the 
mouth of the mine to the farthest recess of the workings to which it extends. 
Suggestions for their elimination will be given, 


TROLLEY -WIRE HAZARDS — 


The hazards of the (ei ey eiccanc tive system are | 50 numerous and so 
varied as almcst to justify the word innumerable. They are present in every 
part of the system - in Jocomctives and their eomponent parts; in the rails 
on which locomotives travel; in the hangers that support the trolley wires; 
and in every inch of the trolley wires. All of these have caused accidents 
and either directly or ind‘rectly disasters. Little, if anything, can be 
aone to prevent or even to materially decrease the hazards as long as this 
system of a a is used. undergrouné ; these hazards are intensified 
in coal mines. 2 ; ) 


Precautions in installing and iainteisie trolley wires, precautions in 
operating locomotives, use:of well-placed cut-out switches and circuit break- 
ers, sectionalizing the circuits, and perhaps other precautions will minimize 
to some extent the danger of .fire or explosion disasters; but neither these 
nor any othcor known precautionary measures can eliminate these hazards. Lit- 
tle can be done to prevent the sparking or arcing cf the trolley wheel or 
harp with tho trolley wire,. locomotive wheels, and open-type controllers 
and motors - all possible ignition. hazards. It .is out of the question to 
predict with any reasonable degree of accuracy. where or when, in tko thou- 
sands of miles of trolley-haulage roada, a fall.of. roof or timber will bring 
down a trolley wire. It is equally impossible to predict when or where 4 
trip of cars may be wrecked or derailed bringing down the trolley wire, and 
causing wrecked cars to tcuch it. Some of these mey be preventable, but 
many circumstances can intervene to alter conditions - a. broken rail, broken 
car wheel, breaking of a coupling or @ link - all of which are impossible. to 
rorsec, Regardless of circumstances cr conditions, the trolley wire can 
always cause trouble under any.unforseen condition. | 


Trolley-circuit protective equipment, such as circuit breakers, .operated 
automatically or manually offer at least some protection against, short cir- 
cuits by interrupting the electric current.. However, the records of. scores 
of fires, including disasters with miltiple loss of life, resulting from fail- 
vre of circuit breakers to function when partial or direct short, circuits 
occur, prove that these devices are by no means effective, and relatively 
little dependence should be placed on their en promptly or erfectively 
to avert mine fires or lethal shocks, . 


The relatively reccnt hoavy increase in the several types of equipment 
in mechanical mining that use direct-current power from the very convenient 
trolley wire has greatly augmented the carrying requircments and ultimately 
the capacitics of these circuits. Sometimes heavicr trolley wire is used, 
and circuit breakers arc set so high that partial short ‘cirouite fail to 
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open them. Under these conditions a fall of roof bringing the trolley wire 
in contact with a loaded car of coal, close to or even touching the rail, 
can (and often does) cause an arc that ignites the coal, wood ties, or other 
combustibles without causing the circuit breaker to act. The arc may also 
ignite coal dust in suspension, initiating a dust exolosion. A trolley- 
circuit protective device has not been developed that will assure inter- 
runtion of power when partial contacts are formed through which low-density 
current is flowing. Uowever, this does not mean that individual pieces of 
equipment cannot be protected. Heavy haulage units may draw 1,000 or more 
ammeres; and with circuit breakers set above this load, a load of 50 to 100 
amperes caused by a trolley wire touching a car or rail is not sufficient to 
triv the circuit breake>r. 


Some of the outstanding hazards that are known to exist in the trolley- 
Locomotive system are given above; numerous others could be cited but they 
come into effect only occasionally and are unpredictable and therefore diffi- 
cult to control even though known »recautions are taken. 


The trolley system in mines generally consists of the main or vrimary 
haulage and the gathering or secondary haulage. In some of the larger mincs 
the socondary haulage might be divided further into gathering and relaying. 
Although orimary anc secondary haulage work as a unit each employs separate 
and to some extent different types of equipment. Primary haulage uses heavy 
locomotives (generally 10 to 15 or more tons in weight), heavier rails, 
wooden ties, and relatively heavy trolley wires; it is generally, but not 
always onerated in fresh intake air. Secondary haulage has smaller equip- 
ment —- in some places trolley-type, in others cadle-reel, and in still others 
combination trolley-cable-reel locomotives are used. Such locomotives range 
from 5 to & tons, travel over lighter rails, and enter working sections 
near the face of the rooms. Some mines use storage-vattery locomotives for 
gathering, and a very few have storage-battery locomotives for both gather- 
ing and main haulage. Since the introduction of mechanical loading, with 
its increased tonnage, it usually has been necessary for locomotives to 
travel closer to the face regions than in hand loac.ing. © 


Division of the haulage system into the orimary and secondary phases 
is emvhasized further when the types and frequency of accidents, including 
ignitions of gas or dust or both are studied. This division of the system 
is also utilized when other coal-transportation methods are being considered 
due to changes brought aoout by mechanization at or near the faces. 


Main-line haulage systems, with their heavier equipment are generally 
better installed and maintained than gathering systems. The main haulage- 
ways usually last the life of the mine or of scctions comprising relatively 
large areas. Hence there is vetter roof support, and the roof itself is 
made higher, with trollcy wires farther above the rail and better alined; 
in fact, the primary haulage is usuelly planned and maintained as a perma— 
nent installation. On the other hand, secondary trollcy haulage is usually 
installed with little cxmenditure as to grading for height, or alinemoent or 
clearance; track rails are relatively» small; bonding is not done thoroughly; 
ond bonds and trolley supports ere maintained anything but systemntically. 
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The hazard of toucning bare trolley wires usually is not as great in 
the main haulage as in secondary or gathering haulage; not only are bare 
wires usually higher above the rail in the main hevlage, but also the fre- 
quency of exposure is mich greater in the secordary haulageways. In sec- 
oncary haulage bare trolley wire extends relatively close to the face regions 
where the mine workers mst frequently pass or work under it. in many phases 
of their work. Gas-ignition hazards are much greater in secondary than in 
vrimary haulage because the former usually extends fairly close to or into 
tne face region ano working sections where gas is apt to accumlate along 
the haulageways and in adjacent rooms, sudden outbursts of gas from falls 
or caving in the advancing rooms or in pillar sections are ligble to occsur,, 
and interruption of the ventilating current is more likely to cause max- 
imum accumulations of exclosive gas. Falls of roof are more frequent in 
the gathering sections, end the breaking or bringing down the trolley wire 
results in fires or in ignitions if gas or dust ig present, Derailments 
of cars and wrecks involving locomotives, cars, or trips occur more fre- 
quently in secondary haulage, always with the probability that trolley wires 
“will be pulled down, with the- ever-present possibility of fire, or explosicn, 
or contact fatality, when that occurs. 


Aithough accidents and disasters are more frequent in secondary haul- 
age, the severity is Likely to be greater in primary haulage, as illustrated 
in some of the following examples. Fires in the main haulage are difficult 
to control and are likely to spread rapidly due to the large volume of air 
traveling in the main entries, carrying the fumes and products of combustion 
to all sections of the mine if the haulage is on the intake or filling the 
escapeway with smoke and gas if the main haulage is on the return. The 
same hazards also apply to dust explosions in the main haulage and unless 
the haulage roads are adequately rock—dusted, exolosions are likely to be 
propagated by dust throughout the mine. 


ACCIDENTS RESULTING FROM THE TROLLEY+LOCOMCTIVE SYSTEM 


The accidents resulting from the trolley-locomotive system can be 
divided into three classes: (1) contact of persons with bere wire or 
charged locomotive; (2) ignition of gas or dust; ani (3) fires. Fach of 
these classes. might be divided further into tne parts of the system resnon- 
sible for the accident, explosion, or fire. .The following are some of the 
numerous ways accidents have occurred from the trolley-locomotive system: 


1. Contact of persons Veen bare trolley wire. 


Co Contact of bare trolley wire with mine doors, timbering, roof, 
ribs, and curtains © (fire hazard). 


3, Ares .or sparks from poor or broken bonding, bad joints, or broken 
rails igniting ,coal or gus or timber tics. — 


4. Arcs or sparks from trolley wheel, harp, or shoe igniting com- 
bustible material, such as brattice cloth, wood, gas, or dust. 


615 : a 5+. 


Google 


I.C. 7328 


5. Arcs or sparks from locomotive controller or motor igniting gas or 
dust. 


6. Arcs or sparks from locomotive wheels on poorly bonded track. 


7. Falls of roof bringing down trolley wire and touching cars or rail, 
igniting coal or gas. 


°8. Wrecked or derailed cars causing coal dust to be throm into sus- 
pension and ignited by arcs from the fallen trolley wire. 


9. Explosions of Cardox shells, explosives, etc., through short 
circuits on trolley haulage trips or cars. 


10. Stray currents from poorly installed trolley system causing pre- 
mature detonation of electrically fired explosives. 


Contact of Persons 


Fatalities attributed to electrical causes comprise 4 to 5 percent of 
the total fatalities in coal mines. The bare trolley wire and the loco- 
motive were responsible for 60 to 7O percent of all electrocutions under- 
ground from 1930 to 1942 and for approximately one third. of all lost-time 
accidents caused by electricity. Table 1 shows both fatal and nonfatal 
accidents from the locomotive trolley. system comoared to those. euaee by 
all electrical causes. 7 Bae 


A study of this table reveals that, although the number of fatalities 
from electrical causes fluctuated during these years and there is a slight 
tendency toward reduction of electrical contact accidents in the.coal mines 
of the United States, the percentage of deaths from trolley wire remained 
nearly constant. 


This tabulation, however, does not include all fatalities in the coal 
mines of the United States due to electrical contacts in the coal mines of 
the United States. Everv year there are several fatalities on trolley 
haulage roads in which the victim touches the trolley wire while sitting 
in the locomotive cab, while helping to rerail a ccrailed car, while cou- 
pling or uncoupling cars, or while getting off or on a locomotive or a car 
trip and is thrown under the moving locomotive or cars or between the loco~ 
motives or cars and a timber or the rib and killed. His accident is then 
charged to haulage rather than electricity, although the fundamental cause 
of the accident was the electrical shock that threw the victim into a posi- 
tion to be killed by the haulage agency. Every year several men aré killed 
on trolley haulage roads when a motorman becomes shocked while handling the 
trolley pole or otherwise and the locomotive gets out of control, knocking 
out one or more timbers and letting down the roof, The resultant fatalitics 
are charged to falls of roof rather than electric shock from the trolley 
systeme 
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Table 1 shows that in 1930-2, inclusive, 428 fatalities are charged 
to contact with the trolley wire in bituminous mines and 32 in anthracite 
mines or 460 all told, an average of 35 a year. If the fatalities caused 
indirectly by electric shocks from the trolley system as discussed in the 
foregoing were added, there is good reason to believe that because of con- 
tacts with the trolley system at least 50 men on an average have been killed 
annually in the coal mines of the United States for the past 13 years and 
provably for at least 20 years. 


Cash, #/ in a study of fatalities from electrical contact in the coal 
mines of Alabama for a 15-year period, found that 75 out of 98 fatalities 
or 77 percent of all fatalities caused by electricity were due to direct 
or indirect contact with 250-volt d.c. bare trolley wire. The proportion 
of fatalities caused by electricity to all fatalities was about 12.6 per- 
cent, which is far above the Unites States average, trolley wire alone being 
resnonsible for approximately 9 percent of all fatalities in Alabama coal 
mines during that period. These high percentages are due largely to the 
thin, pitching coal beds and high humidity of the year-around climate. The 
height of the trolley wire was imown in many of these fatalities; it was 
found that 67 percent occurred where the trolley wire was less than 5 feet 
above the rail, 33 percent occurred where the trolley wire. was 5 to 6-1/2 
feet above the rail, and no accidents were known to have occurred where the 
wire was 5-1/2 feet or more above the rail. Approximately 38 percent of 
these accidents occurred where the trolley wire was 4 to 4-1/2 fcet above 
the rail and only two where the trolley wire was 6 to 6-1/2 feet above the 
raile 


This study of the height of tne trolley wire in relatior to contact 
fatalities in Alabama is undoubtedly representative of what occurs in other 
mining States and calls attention to the hazards of low, unguarded, bare 
trolley wires. It also justifies the conclusion that where trolley wires 
are less than 6-1/2 or 7 feet from the rail they should be guarded from 
contact by persons throughout every foot of their length. 


Studies and analysis of 112 fatal shock accidents in and about the coal 
mines in the United States over e veriod of several ysars, teken from the 
reports of detailcd information submitted by companies that entered the 
National Safety Competition, show that 89 were attributed to trolley wires 
and trolley=pole accessories. These comoanies had a much more than ordinary 
interest in safety and eccident »revention; nevertheless, 80 percent of the 
electrical fatalities resulted from the trolley wire. <A logical inference 
to be drawn from this study involving co#l mines using extroordinery pre- 
caution to operate mines safely is that the trolley system is so inherently 
unsare that even these ultra-safety-minded coel-mining crganizntions could 
not meke it reasonably safe. 


Cash, Frank E., Fatalities Caused by Blectric Contact in Alabama Coal 
Mines, 1925-39: Bureau of ilines Information Circular 7120, 1940, 20pn. 
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The trolley wire is norespecter of »nositions or occupations in choosing 
its victims; a study of these accicents reveals that thcy include officiels 
&s well. as miners. The fatal shocks are received in many and various weys 
of touching trolley wire. Some of these fatelities result from the indif- 
ference, negligence, or carelessness of the workmen, but usually they are 
caused by the lack of guards and the lowness of trolley wire. In snite of 
the number of deaths caused by contact with trolley wire, there are many ~ 
boti: officials and miners - who do not regard it as Gangerous or realize its 
deaclv effects. The voltages used in the trelley system range from 250 to 
550 volts d. c., high enough to cause instant death. (Many Genths have been 
ceused by 110 volts, and there cre records of deaths caused in mines by 
contact with circuits carrying only 50 to 60 volts alternating current.) It 
is - very dangerous fallacy to regard trolley wire, even when carrying only 
250 volts, es anything but dongerous. Records of the past vrove that trolley 
wire has coused many more fatalities then any other t-ve of electrical 
equinment used in coal mines; in fact it has probnbly ceuscc more fatalities 
than all other types of electrical ecuipment and devices combined. 


iiany accidents caused by trolley wire are charged to haulage. The exact 
number cannot be determined, but if it were possible to investigate them 
proveriv the number (especially members of the locomotive crew) would be 
quite iarge. Many of these accidents occur when a trolley pole juwmos the 
trolley wire and the motorman or trakeman, in attemptinz to reach the trolley 
nole, strikes the trolley wire, is snocked, and is knocked or falls off the 
motor. Injuries have also resulted when the motorman's head strikes a tim- 
ber or roof orojection wnile he attempts to renlace the trolley on the wire, 
causing him to fall under the motor or moving cars. Baci:-ynoling, which is 
contrary to all safety rules, is another source of injury and death to motor 
crews. The following are typical examples. 


1. A rock-dusting crew of three men was using a havlege locomotive to 
ride out of the mine. The worlman operating the locomotive, who was in- 
exrcrienced, became frightened when the starting box blew uy wnile he was 
ooeratines the controller and junmed off the front of the moving locomotive, 
which ren over him, causing his death. | 


2. A motorman with 21 years experience was killed instantly when he 
vas pulled over the tov of the locomotive by the motor catle of a cable-recl 
Locomotives 


The locomotive had vlaced empties and returned to the entry, where the 
nivs had been hooked over the trolley wire, the lattcr was on the right side of 
the entry and the cable guide on the left side of the locomotive. The in- 
vestizator believed that the motorman removed the niv from the trolley wire 
and was using it to speed un the motor by "nipping" when it caught in a 
hanscor and the cable dragged him over the top of the motor. The height of 
the locomotive was 31 inches and the clearence over the rail 37 inches. 


3. ‘hile operating a Locomotive, a motorman vas fatally injured when 
he was knocked (or possibly fell) from the locomotive. Tho man who revorted | 


615 2G) 


Google 


I.0. 7323 
on this accident believec the motorman suffered an cléectric shock which 
caused him to fall under the locomotive. e 


LY. A motorman's lamp battery came in contact with the transfer switch 
of the locomotive and when attemmting to escape the arc, the motorman fell 
in front of the moving locomotive. 

5. An improverly insulated splice in a pole cable arced at the base of 
the nole; the motorman, apvarently in trying to escape by getting off the 
front and without closing the controller switch, was run over by the loco- 
motive. 


The following are a few examples of accidents caused by contact with 
trolley wire: 


1. A miner on his way out of the mine, in crossing tetween cars at 
the cross-over near the shaft bottom, came in contact with the 250-volt 
trolley wire directly over tne cars and was electrocuted. His clothing vas 
wet with perspiration, and the car bumpers were of steel. 


2. A Joy loading machine was veing moved along an entry, and the ma- 
chine handle did not clear rib. The operator, sitting on the machine and 
reaching for a pick so that the nlace would be made wider, touched the 500- 
volt trolley wire with the bdacz of his head end was PROGR TOCULEE The wire 
was 5-1/2 feet from the rail, and wes unguarded. 


; 3. A coal loacer loading chunks of coal into a car touched a 250-volt 
trolley wire with the dack of his neck. The trolley wire was not guarded 
and was only 5e inches above the rail. 


i. Eight loaded cars were being pushed in an entry uscd as a storage 
track when the fifth car was derailed. The bdrakenen placed 2 block under 
the derailed car and, in backing out between the cars, came in contact with 
the 550-volt trolley wire. The trolley wire on tne straight track was 5 
feet & inches above the rail and protectec with guard rails, and the wire in 
the storage entry was 4 feet 2 inches above the rai] and unsrotected. It is 
believed that the brakeman, in climbing over the cars baclward, struck his 
heat. egainst the guard boards, which threw him forw:rd, striking his head 
against the unguarded wire. | 


Be An empty car had been dcrailed on a side track. he miner was 
using a niece of timber as a lever to rerail the car; as he raised up to 
adjust the block, he came in contact with the trolley wire was electrocuted. 


6. A miner on his way to an adjoining room stepned under a trolley wire 
to let a gathering locomotive pass. As he stepped back to the trac, he 
came in contact with the trolley wire and was killed. - , 


{- <A brakeman was riding on top of a locomotive when the trolley pole 
came off the wire. While attemnting to revlace it, he came in contact with 
the 550-volt trolley wire and was electrocuted. 
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S. A miner was carrving a drill on his shoulder; in ».assing a tri» 
tho Grill hit the trolley wire, which was 58 inches above the rail. The 
miner was killed. : : | 


Renarks 

The above accidents tyoify the hundreds that nave resulted from contact 
with bare trolley wire. lfost, if not all, fatalities from this cause are 
wuin2cessary and probably could have been prevented by. shiclding or guarding 
the trolley wire. However, to be effective trolley wire should be shielded 
or guarded throughout its entire length where less than 6-1/2 Feet above 
the rail. Hany mines shield trolley wire at crossings, man-trinv stations, 
or »laces where men gather; this is effective as far as it gfocs, but as 
trolley wire has proved dangerous at any location, real sefety requires 
thet its entire length be protected. A mining comnany in a Southern State, 
which had experienced many fatalities from the trolley, witn slightly over 
100 riles of trolley wire in its verious mines, took the vrecaution to shicld 
aonroximately 85 miles of it and by so doing practically eliminated fatal- 
ities from the trolley-wire contact hazard. 


Until other methods of transvortation are ceveloned ant adopted that 
will climinate the need of bare trolley lines, every inch or the trolley 
wire snould be shielded or gvarded if fatalities from this source fre to be 
oreventcad. If the trolley system is as efficient as its »rovonents belicve, 
enough of the carnings due to this effective service should be expanded in 
trying to make it at least rensonably safe. 


Ignition Hazards of Trolley “"ires (And Electric Locomotives 


The greatest potentinl hezard of the trolley—-locomotive system is with- 
out doubt, the possibility of igniting exmlosive gas or cocl dust in suspen- 
sion. he system, in comnon with all clectrical cquipment dut to a far great- 
er extent than any other clectrical equipment used in conl mines, is sudject 
to arcing or sparking that miy lead to explosions in the »rcsence of exnlo- 
sive ;es. The contact-clectrocution hazcrd tekes a toll of -pvroximately 50 
lives a yecr through the trolley systcm, but 1 gas or dust ignition may 
couse 100 or more fatalities, and this has actually occurred. The ignition 
hagzerc.s of electrical equinment are well-recognized by those who care to 
consider the matter, and precoutions necessary for elinin:ting these hazards 
are ‘mown by many, perhaps most, cocl-mining men; unfortunctely they are 
observed relatively seldom. The introduction and use of permissible clec- 
triccl equipment greatly reduce the ignition hazard where it is employed 
(out this is relatively little). There is no record thrt any equipment, of 
this tyoc, when properly maintained end operated, has contrivuted to causing 
en ccmlosion. Relatively little advantage is taken of tne availability of 
tnis tyoe of equipment, and electricity continues to be vo: frr the greatest 
single source of ignitions resulting in explosions in United States corl 
mincs. Table 2 shows that clectricity wes responsible for epproxinatcly 45 
percent of all coal-mine explosions and 57 percent of the fotelities fron 
thon in the past 15 years. The records of the wor ycerrs (fiscel ycars 
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1941-4!) show a higher percentage of explosions of electrical origin than 
the 15-year period; 58 of the 100 cosl-mine explosions rccorded in this 3 
yoors, or 58 percent, resulted in 403 of the 561 deaths caused by explo- 
sions, or approximately 7e percent were of electrical origin, the source of 
ignition being electrical equinment. This indicates that the kmowledge of 
oost lessons and experiences has not been put into effect; it is oa record 
in wnich the coal-mining industry cen take little pride. 


TABLE 2. - Explosions caused by trolley wires and locomotives, 1930-44; 


comparisons with total electrical causes 
and total of all causes 


Trolley-locomotive | Total electrical j; Total - all causes 
system ome of exolositus 


Year Jumber | Fatalities 
"Ra ere 18 a 3 199 
POS saecaaes és : rt 9 re 7 26 217 
it: 5 Ce es 2 2 10 33 BF 
SO rk ch ed aks ‘ Ub 6 g 5 22 122 
C5 RSS 5 13 10 | 21 26 28 
1S 5 is ce seks 3 1 10 29 22 54 
T95Gidawhoasee 2 10 5 20 25 38 
OT ae eee ° 25 12 53 20 62 
2 a ae | 16 10 24 29 170 
TO i acnwe ' 3 7 9 13 14 16 
TONG 6 gpv5c was om 0 6 99 18 206 
ie y 73 14 145 26 163 
TONS sce ciay ox : 3 S 14 133 22 152 
i ee ; 1 20 19 66 32 152 
TOU eee ta ; 1 uA 20 94 


This paper does not propose to discuss electrical ignition hazards in 
generel, but a knowledge of the record of the general electrical hazard is 
necessary in any presentation of the hazards pertaining to trolley-loco- 
motive system. Trolley-locomotive system has caused more exnlosions than 
any other single type of electrical equipment used in coal mines. This may. 
be die to several factors, the vrincipal one being that while it is possible 
to »>rocure typves of permissible electrical equipment for use in connection 
with nearly all other equipment in coal wines trolley wire and trolley loco- 
motives have such inherent hazards that they cannot be made permissible. 
This apoarently is not readily recognized or realized by many mining com- 
panies. hines that take the vrecaution of using only permissible equipment . 
and are meticulous in installing other safeguards in an attempt to climinate 
possible ignitions operate locomotives in return airways where accumulations 
of gas may be moved at any time. They fail to realize that trolley loco- 
motives are not permissible and that there is always the vossibility of 
isnition from the trolley voles with the uninsulated wire, onen-type con- 
trols and locomotive motors, lack of bonding or ineffective bonding, pos- 
sible falling of trolley wire, and numerous other ignition hazards inherent. 
in the trolley system. | 
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Table 2 shows the exnlosions and fatalities caused by the trolley- 
Locomotive system and compares them with all electrical and total exolcsion 
causes. For the period tabulated, they have causec 13.5 vercent of all 
explosions and were responsible for 17 percent of all ceaths resulting 
from exolosions; they have, moroover, caused 30 percent of all explosions 
anc 31 percent of all fatalities attributed to electricity. The number 
of exrlosions attributed to the trolley systems would undoubtedly be hizsher 
if all explosions of electrical origin were pronerlv classified, as reports 
of many exnolosions attribute the cause to an electric arc, not designating 
the tyve of equipment. Trolley wires were suspected as the cause of many 
exnlosions thet are not included in the above. 


Uxolosions attributed to the trolley-locomotive system have occurred 
yearly (exccot in 1940), accounting for many deaths. Except for a few 
years, the ceath toll is not great, but in most cases the exolosions were 
prevented from snreading by roc dusting and in some nlaces by good luck 
rether than consequence of precaution taken in connection with the trolley- 
locomotive system. Many of these explosions caused no loss of life and 
resuitea only ir nonfatal burning of the victims. The direct ignition of 
sas Dy the trolley system is by no means negligible, but the direct or 
indirect tpenition of coal dust is the greatest danger from this system. 

The right combination for an electrical ignition of coal dust occurs rel- 
atively seldom, but it is comparatively easy to ignite a small pocket of 

gas, which in turn may stir up enough dust to propagate an explosion through- 
out a rine; therein lies one of the greatest dangers of tne trolley systen, 
since the source of ignition (flame, arc, or spark) may always be present 
wherever trolley wire extends in a mine. In the following examples, severs] 
ignitions of small vockets of gas by trolley wire are given, but fortunately 
coal dust was not ignited to pronogate or extend the exol»osion. 


Explosions Caused by Trolley Wires or Locomotives 


In tne following examples of explosions contributing factors to the 
ignition of the accumulated gas were substandard ventilation practices, 
intcrrzted ventilation, or inadequate ventilation poorly distributed or 
controlled. Nevertheless, a trolley wire or locomotive was the source of 
tne ignition; neither should be used where gas are likely to de liberated. 


Ignitions or explosions caused by arcing of the nips on the trolley 
Linc while a mining machine or other ecuipment was trammec, arcing of the 
nins hung on the trolley wire from a cable-rcel locomotive, or of a mining 
maciuine while cutting are not given in the following examnles. 


Arcs from Trolley Wheel Igniting Gas _ 


One of the worst hazards of the trolley-locomotive system is the arcing 
or svarking of the trolley wneel or harp wnile sliding along or touching the 
trolley wire, and most of the explosion attributed to the trolley system 
result from the ignition of explosive gas by arcs given off at the trolley 
whcel. Some explosions from this cause are described in brief: _ 
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1. <A body of gas in a coal mine haulageway, ignited by an are froma 
trolley locomotive - probebdly a svark from the trolley whecl - killed 63 
men at about 10:40 a.m. during a day shift. Eighteen men escaped from the 
exolicsioh area, and 12 others in the same snlit escaped unaided. About 350 
men were in the mine at the time of the explosion. 


A trolley locomotive gathered loaded cars in the entry, after it had 
picked wp the loads, an explosion occurred when it reached the intersection 
of the entry and tne main haulageway. A cave in a room about 250 feet outby 
the explosion forced an explosive mixture of gas into the air current, which 
vassed over the locomotive end vas ignited; the haulageway was on the return 
side of the air current. Two miners who escaped were about 500 feet outby 
the Locomotive; they séw a flash of flame at tne Locomotive immediately 
dSefore the force of the explosion ‘mocked them down. 


Doors on the heaulsgeway were found hel@ onen with latches, short- 
circuiting the air entering the section where the exolosion occurred; this 
1s one of many caused by gas that accumulated when haulaze crews latched 
doors o»en on haulage roads. ) 


2. <A spark or are from the wheel of a trolley locomotive ignited an 
accumulation of gas a short distance in a turnel off a road that was supnos- 
edly on intake air. Three men were killed, and three injurcd; the other 
men in the section escaped unassisted. Several days béfore the explosion 
a rogulator had been built and placed in operation, but no tests had been 
made as to its effect on the ventilation. 


3. <A trolley locomotive used in delivering a load of nine in an entry 
ignited an accumulation of gas, causing an explosion that took the lives of 
two men, including the supply-crew foreman. The accunuletion of gas resulted 
fron interrupted ventilation, probably duc to a door bcing l<ft oven. 


u, An arc between the trolley wire and the trollcy-nel: harn of an 
olectric locomotive ignited methane tnat had accumulated in a high place 
in the roof near the top of a hill in © crosscut between the intake and 
return. Two men — a brekeman and a sucoly man - were killed; but 28 others, 
all within 1,000 feet of the explosion, were uninjurcad. These men were 
recovering rails, ties, trolley wires, etc., near the connection of two 
mincs about 4 miles from the drift mouth. The gas accumulated when the haul- 
age crew left a ventilation door open. 


5. <A svark from the trolley wire or an electric arc from the loco-' 
motive ignited a body of exnlosive gas that leaked out on the main haulage 
road, causing an explosion which killed cight men; two others escaned by 
coming out of the air shaft. All bodies were recovered except one, which 
could not be found after a scerch of several weeks. The mine was abandoned 
and scaled thereafter. 


6. A pocket of gas, opnosite = crosscut where a temoorary brattice was 
being removed, was ignited by an are or spark from the trollsoy wheel of a 


615 ~ 14 - 


Google 


I.C. 7328, 


vassing locomotive, and two men were slightly burned. It is believed th=+t 
gas accumulated beyond the last crosscut and benind the brattice being 
removed and that moving the locomotive inward forced the gas into the haul- 
azevway. This section nad been rock-dusted several days before the explosion, 
which foubtless prevented the exp teston from being propagated by coal dust. 


7- A gas explosion on the main haulage road about 1,000 feet from the 
botton of the intake shaft resulted in the death of one men by burns 2nd 
violence and the serious burning of six others, one of whom died later. 


A door with an 8-by 10-inch ovening was erected across the main-entry 
intake about 1,000 feet from the shaft and was closed from the end of the 
second shift until the fire boss had completed hts insnection. A high 
dlace in the root about 15 feet above the track extended about 150 feet 
outby tne door. 


Statements of the injured men were that two locomotives, one carrying 
the fire boss, were traveling close together toward the shaft bottom; one 
of the men got off the first locomotive to oven the door, ana as the loco- 
motive »ulled through the door the eapnoeeen occurred. E:mlosive gas was 
founa later in the roof cavity. 


This mine used permissible mining machines and drills at the face, 
permissible cap lamps, and water on cutter bars; blastea with permissible 
exolosives; and emoloyed trolley locomotives for main-line haulage and 
flame-nroof cable-reel locomotives for gathering. 


.§. Two men, the crew of a locomotive, received first-degree burns 
when an arc from tne trolley whecl ignited gas along the haulageway. The 
motor road was on one of six parallel entries and on return air. Another 
entry was being driven parallel to the "motor" road, and just before the 
explosion broke through into the main return air course, short-circuiting 
the air from the "motor" road. This entry or air course was teine driven 
sO that the motor road could be operated in the intake air.. 


.. 9. An ignition of gas in a drainage tunnel connecting two mines 
resulted in the death of one man, a fire boss. The imition was caused by 
an arc when the trolley wheel of a locomotive ignited an accumulstion of 
gas on the crest of a hill. Apparently the fire toss was using the loco- 
motive.in making his examination, a prectice that has been the direct or 
indirect cause of numerous gas ignitions by trolley locomotives. Some of 
these ignitions heave caused severe explosions. 


10. <A spark or are from a trolley wheel ignited = socket of gas in « 
roof. cavity within an air lock on a main haulage road, killing one man and 
burning two others severely. The air lock (191 fest Long) nad been com 
pleted about 4 days before the ignition. Air locks on haulage roads are 
aaivisccly sefety precautions; but the region between the doors should be 
well-ventilated, especially if there is a roof cavity between the doors. 
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ll. <A fire boss was killed when an accumulation of gas was ignited by 
a soark or are from the trolley wheel of the locomotive he was using.in an 
abandoned section of a mine through which return air from the active sections 
was coursed. The track and trolley wire were left in this section due to 
the possibility of reopening it in future, but a cut-out switch was vlaced 
in the trolley line near the mouth of the entry. A fall of roof tore down a 
stopping short-circuited the ventilation; gas accumlated at the point where 
it was ignited. 


Remarks 


The above instances are but a few of the scores of explosions in which 
accumulations of gas have been ignited by an arc formed by a trolley wheel 
or haro with trolley wire. Several explosions could have been nrevented if 
the trolley wire had been removed or cut off abandoned or worked-out entries 
where tnere was little or no maintainence of the trolley line. Some of the 
exolosions cited occurred in the main-line haulage, illustrating the danger 
from ignition in any part of a mine where trolley wire is used. 


Falis of Trolley Wires 


The danger of an explosion being caused by the arc formed by trolley 
wire is not confined to high vlaces in the haulage road, as is shown by the 
following two cases where gas was ilenited by a fallen trolley wire lying 
along the floor: 


le Eighty-two men were killed in a gas and dust explosion when an 
electric spark or arc from a trolley wire that had fallen to the floor 
ignited an accumulation of gas. There were 222 men in the mine; 119 escaped 
with little or no assistance; 2 were rescued immediately after the exolosion; 
and 19 men were rescued from dehind a barricade. 


The point of ignition wes about 160 feet from the face of an entry 
that had been inactive over 6 months. A small roof fall pulled out a trolley 
hanger, allowing the trolley linc to touch the rail, causing arcs or sparks 
that ignited an accumulation of gas. Although the entry was idle for over 
6 months the power had been left in the trolley line. The cause of the gas 
accunulation was short-circuiting of air that normally was coursed through 
_the section where the explosion occurred. 


2. A gas.explosion occurring a few minutes before the start of the 
second shift in a coal wine and a short time after the arrival of the man- 
trios in a section killed 20 men; there were 73 in the mine, and 53 escaned 
Mae without assistance. 


State and Federal revresentatives investigating this explosion attributed 
the cause to a fall of roof bringing down a 550-volt trolley line which came 
into contact with the track rail, causing an are that ignited the cloud of 
coal dust thrown into susvcnsion by the fall in air contaminated with mouAnes 
Coal dust carried the explosion to other areas of the mine. 
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Exolosions of this tyne can occur in anv section cf @ coal mine, regari~ 
less of the presence of gas. In the second case above en exslosive mixture 
oF 2as was not present, but air containing methane freatliv accelerated the 
isnition of coal dust. <A fali of roof throwing dust into suspension and an 
are from a fallen trolley wire are a probable combination in any part. of a 
coel-mine trolley-locomotive haulage road. If conditions are favorable, an 
exnlosion is likety to occur, and an are from a fallen trolley wire in the 
oresence of explosive gas can have but one result - exnlosion. 


Dust Explosions ~ Ignition by Trolley “fire 


Coal dust raised by a runaway triv or dust thrown into suspension by a 
wrecked cr derailed trip knocking out timbers in the oreserce oF an electric 
arc or spark may cause an explecsion. The »resence of an axolosive gas is 
not neeled, for coal-dust exolosions have occurred in the onen at tiprles 
and refuse banks when an electrical are or burning material ignited the coal 
dust in suspension. A trolley wire falling and touching e rail or sagging 
and touching a steel car forms arcs or flashes that can ignite dense cloucs 
of coal dust. The next three examples illustrate this tyne of explosion. 


1. A coal-dust explosion occurred in a western coal mine, resulting in 
the death of 120 men underground at the time.. The point of ignition was on 
the main haulage entry about 1,600 feet from the mouth of the mine. This 
entry was also the main intake air course for the mine and carried about 
100,000 cubic feet of pure intake air per minute at the time the explosion 
occurred. The cause of the explosion was ignition of coal dust by electric 
arcs from short circuit of trolley wire and trolley feed cable, which fell 
upon steel cars because of: timbers dislodged by cerailed cars. 


A trio of loaded cars was being pulled to the outside by a trolley loco- 
motive. The cars next to the locomotive were loaded with machine cuttings 
or "doug aust." Evidence showed that the first few cars were off the track 
and ».ulled over the ties for about 100 feet and that some cars in the middle 
of tne trip had derailed, pulling out several sets of timver, which let the 
trolley wire and 400,000 circular-mil bare-strended trolley feed cable down 
on the erd of the steel cars. The dust for ignition was sunvlied by very 
finely divided settled dust on tne dislodgcd timbers, together. with dust 
tarown into the air from "bumping" of the cer: iled cars of mochine cuttings 
over the ties for over 100 feet. The haulage entry wos very dry and dusty, 
and olthough the noint of origin was only 1,600 feet from the mine vortal 
the oxmlcsion accumulated so much momentum in the 1,600 feet before it 
reached the surface that it completely obliterated the concrete of a vortsal 
extending 25 or more fect into tne mein entry. 


2. A local dust explosion ceused the death of one man by asvhyxintion 
and the serious burning of another. Fifty-one men in other varts of the 
mine esceped uninjured about 2 hours after the explosion. 


615 -~17- 


Google 


1.C. 7328 


The exvlosion was caused by a broken trolley wire arcing on the side 
of a stcel car in the presence of a cloud of fine dust released from tim- 
bers and legging dislodged by derniled cers of a oushed trip of loaded cers 
of coal. The explogion was local in extent involving only about 300 feet 
of haulage entry and rock slope. Thorough rock dusting of thc haulage road 
and the wetness of the region prevented & major explosion, with probebdle 
large loss of life. 


3. <A coal-dust explosion resulted when derailed mine cars vulled a 
leg from under a steel crossbar; the crossbar fell on the trolley wire, 
causing an arc that ignited coal dust released or thrown in suspension by 
the falling crossbnr. Four men were killed, 87 escaped unaided, and 4 were 
rescued by the recovery crew; 32 men barricaced themselves for a short time 
and were later led to safety. 7 


The explosion occurred on the empty-car track about 350 feet from the 
coal dumo near the bottom of the hoisting shaft. Considerable dust was 
made at this point from the dumping of coal, and much of the dust was carried 
by the intake air and deposited along the empty track. Extension of the 
exdlesion undoubtedly was stopped by rock dust. 


Renarks 


Coal-dust explosions are likely to occur in any part of any bituminous- 
cool sine where trolley wire is used. Cars may be derailed or wrecked at 
any »\oint on the haulage system, knocking down timber and the trolley wire, 
or a small fall of roof may occur, bringing down the trolley wire and 
simultaneously stirring dust into the air. Hany different factors, over 
which there' is little control, may cause such a derailment or wreck;. these 
include a broken car wheel, vroken coupling pin, broken rail., and scores of 
otncr unforseen conditions. 


Two of the above explosions occurred in the main intake air of the mine 
where the air velocity was high, with the suspended dust carried to all 
parts of the mine.in the air current. Fortunately, adequate rock dusting 
can greatly limit an explosion once it is started, as amnly demonstrated in 
the last two instances. 


Arcs from Locomotive Parts Igniting Gas 


liany explosions have occurred due to ignition by arcs from various 
parts of trolley locomotives. The wheels of locomotives in contact with 
yoorly bonded or undonded track or at a broken rail may arc; and arcs and 
sparks arc given off at the motors and controllers and at times at the 
grics. An: of these arcs occur in the vresence of exnlosive gas, and under 
certain conditions dust clouds will cause an explosion. 


1. Four men were killed in a "nongassy" mine by a gas and dust explo- 
sion wnen en arc from a cablo-reel locomotive ignited - small pocket of gas 
near the fece of an entry. The locomotive had placed an emoty car at the 
face, wich was about &6 feet anead of the last open crosscut, and when it 
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hed traveled about le feet tne explosion occurred. The explosion occurred 
apout 9:30 a. m. The veel and oumper of the locomotive were found burning 
after the exolosion, and the fire was not extinguished until about 5 vo. n. 

In this case the mine management evidently depended too much on the "nongassy" 
desisnetion of the mine; otherwise a cable-reel locomotive certainly ought 
not be used to handle cars to or from a working face. 


2. A local ges oxploeion during the third shift about 2:20 4. m. killed 
12 men; 6 or 7 are reported to have escaped uninjured. 


The report of the investigators of the explosion stated that the most 
nrobeble causes were: (1) An extensive cave in the nillar section threw 
a cloud of coal dust into susnension, and an arc given off by a cable-reel 
locomotive, as the motorman was "stinging" the wire, ignited the dust; (2) 
gas nay have been liberated by a fall, and either an arc from defective 
bonding or from a trolley locomotive may have ignited the gas. 


3. A motorman was killed by an explosion when an accumulation of gas 
in an entry was ignited by a haulage locomotive. The explosion occurred in 
an entry containing 15 rooms, the last 8 of which werc workcd out sxcept for 
afew pillars. The motorman gathered some empties from near tne face of 
the entry, and the explosion occurred when the locomotive was halfway out 
of the entry. It is believed that a fall in a room or movement of the loco- 
motive wo and down the entry forced the gas out on the-haulageway. The 
haulageways are on return air; the mine was well rock-dusted; and the trolley 
wirc was 6-1/2 feet above the rail. The explosion occurred about 1:30 a. a., 
when only the fire boss and night foreman were near this section of the mine. 
lan; lives probably would have been lost had the exnlosion occurred during 
a working shift. 


4. A local gas explosion, occurring about 3:30 a. m., caused the death 
of eight men; one man, seriously burned, was. rescucd about 4 hours later; 
and three men were burned but escaved unassisted. The explosion, which orig- 
inatcd in a room, was caused whon the heated resistance ccils on an open- 
tyne locomotive ignited gas. The resistance on a cadle-rcel locomotive, 
which wes delivering cars to the face of a room, bceceane overheated and set 
fire to oi]. on the coil plates. The fire was extinguished with sand, and 
tzc locomotive procecded into the adjoining room where gas was ignited while 
cars were being delivered to the face of the room. 


5. A local gas explosion xilled three men and injured another. The 
sas ves ignited by a spar or arc from an open-type cable-reel locomotive; 
a fcocaer was discovered onvosite the locomotive after the explosion. An 
arc from one of the motors or the controller may have ignited the gas; or, 
inasmuch as no bonding was done in the entry or room, an arc at a wheel | 
may ‘have ignited the epee 
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Remarks 
In several of the above instances the exmlosions occurred rear the feces 
of rooms where gas was ignited >y arcs from a cable-reel locomotive, Loco- 
motives of this tyve present essentially the same hazards as trolley loco- 
motives, and many explosiors have been attributed to them, some with con- 
sideravle loss of life. Although there is no pole or wire to arc, 
considereble arcing and snarking may occur at the wheels, controllers, or 
motors if the tracks are not bonded when a single-conductor cable is used, 
and exolosions have been caused by arcing of the cable nivs where they were 
hunz or attaehed to the trolley wire. 


‘Fire Hazards of the Trolley-lLocomotive System 


Fire is an ever-present hazard in a coal mine and is especially dangerous 
to nanile because mishandling may cause an explosion.. Once an ¢xplosion has 
occurred the main hazard is over, unless it has started fires, introducing 
tne »ossibility of another exnlosion. The combustible nature of coal and of 
the materials necessary for extracting coal, such as timber, explosives, and 
other flemmable substances, and tre constantly increasing use of electrica 
equi:ment, with its cver-presernt sources of ignition, tand to make fire a 
consvant threat to all coal-mine operations. In addition, there are such 
sources of ignition as smoking, open lights, and welding equipment, all 
canavle of causing disastrous fires. Hundreds of coal-mine fires probably 
occur yearly in the coal mines of the United States and are quickly ex- 
tinguisned or controlled and never revorted. Nearly all experiencec coal- 
mining men acknowledge the frequency of fires. Relatively few are called 
to the attention of the outsice world, for unlike mine explosions, which 
gencrelly ceuse loss of life, they result in few fateiitics, although they 
always orescnt the »nossibility of a disaster. 


A coal-mine fire is generelly discovered soon sfter it starts, and | 
the vorkers can escape before it gains heaquay; newver, a mine fire always 
presents a serious hazard wnlcss it is detected quickly and handled promotly 
anc. effeciently, cnd it always has the potentialities of causing heavy loss 
of life and tremendous vroverty damage. ven if there is no loss of life, 
the »roverty damage is lixely to be considerable, miners lose their wages, and. 
production stons, during the fighting of the fire or the sealing of the 
section on fire or the mine. A cost of $25,000. in connection with e mine 
fire is by no means abnormal, and many mine fires cost $100,000 or more. 


One of the greatest dangers of a mine fire is asphyxiation of the men 
by smoke or fumes, often in distant parts of the mine. However, for the past 
20 or more years (and until the vest 2 or 3 years) the conl-mining industry 
of tne United States has been fortunate, as fatalities resulting from fires 
have been few. Nevertheless, a mine fire in any place or at any time is 
always dangerous and creates numerous hazards when attempts are made to 
extinzuish-or control it, Men may be injured or killed by falls of roof, 
while fighting, sealing, or unsealing the fire, or explosive gas cr coal dust 
may be ignited. A small gas explosion may ignite coal dust; or e fall of 
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roof may throw dust into susnension which may be ignited b:, the flames of 

the fire and produce a widesnread exnlosion. All of these contingencies 
have ectually occurred. Such »roducts of combustion from the fire as smoke, 
fumes, and toxic gi.aes (for exemple, carcon monoxide) are hazards that are 
almost sure to be encountered while attempting to fight « fire or con- 
structing seals to control it. ‘Within the past year 16 men wore killed by 
an explosion when they were underground trying to extinguish a mine fire that 
had been discovered a few hours before; the fire had been started ty a short 
circuit vy a trolley wire. 


slectrical equipment has greatly increased the potential hazards of 
coal-iine fires. Before its introduction many fires were caused by open 
lisnts, use of black powier, smoking, and other sources of ignition; but 
in mocern mines, where :nost of these have been eliminated, electricity or 
electrical equipment now constitutes a most prolific and almost universally 
prevalent source of ignition. As was found in the study of coal-mine explo- 
sions, the troiley-locomotive system also czuses more fires than any other 
toe oF electrical equipment. Table 3 gives some available data on mine 
fires end shows the number of fires caused by the trolley-locomotive system, 
as tel? as the total of fires of electrical origin and: total number of 
rives from all causes for the fiscal years 1930 to 1944, inclusive. This 
table was compiled from informution about fires called to the attention of 
the Bureau of Mines or fires the Bureau of Mines helved or assisted in 
fighting or controlling. <As »oreviously stated, hundreds of fires probablv 
occurred cf which the Bureau of Mines was not informed. This table 
snotrs that the loss of life from fires stzrtied by trolley wires was small 
until the past few years; since tnat time such fires were resoonsible for 
practically all of the deatns attributed to fires of ali causes. 


More deaths were caused by mine fires in the 19-month period January 1, 
1943, to July 32, 1944, than in any like period since the Bureeu of ifincs 
wag estadlished. In this period 104 deaths resulted from fires, including 
101 caused by four fires originated by trolley wires or trollcy locomotives, 
all in highly mechanized mines. Trolley wires have »een responsible for 
more resorted fires in this 19-month period than have occurred in the previous 
‘10 vcars; 15 of the 41 fires reported were caused by the trolley wire, and 
in the same period other electrical cquipment caused 4 fires. 


The large number of fires and large loss of life cruscd by trolley wire 
in reccat coal-mine disasters has focused the attention of many mine officials 
on the cause of these fires and methods of vreventing or eliminating them. 
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TABLE 3. - Coal-mine fires caused by trolley wire or locomotives, 
1930 - 44 comparisons with total electrical 


causes and total of all causes 


| Trolley-Locomotive | Total electrical 


system causes zone -all causes 

__ Year Fatalities 
Pee es eee 5 | 2 g 2 
TOA) ees ctienen ae 0) 7 0) . 7 
Ce ene a: ae 0 5 1 17 tg 
ok eee ee ee me | @) 7 ©) 20 1 
ae i) Se eee ee ee | @) 4 0 18 6 
1935.4 cus0% 54 ee. 0 Ld 72 tT 11 
1936. PIT Reee 3 0 7 1 16 Ly 
MARES and Wisldveeaen 2 1/9 5 9 15. 11 
ie ee pinnae 2 ) 6 1 20 4 
ie ee ee eee a ae ©) 7 1 15 2 
29NG ss sikiesdisiae | 2 0) 5 2 16 2 
PON Le eeckeccacen a 1 7 2 13 2 
POMC eRe opie cbedGis hos 1 Q li 26 21 
TOUR, Se cians socea tS 13 6 13 4 15 
AS Lo ee ee ee nn ie 2/22 ° 22 | ef ol 

Total i a ee "Se ET: 69 278 | it 


1/ 9 men overcome with carbon monoxide while attemnting to seal the fire. 
2/ 16 men killed by explosion while fighting fire. 


There are various ways by which the trolley-locomotive system starts 
fires, but the most common is a fall of roof or timber that brings down the 
trolley wire, short circuiting it; a wrecked trip touching a trolley wire; 
or a short circuit caused by a trolley wire touching part of a door frame; 
coal rib, or timber. Fires also have been caused by the areing of track 
bonds or broken rails; leakage from insulators on trolley hangers; and a loco- 
motive setting fire to timber or coal. The occurrence in coal mines of 
fires initiated by short circuits caused by falls of overlying material 
(rock, coal, timber, etc.) is a possibility at almost any time throughout 
the entire length of all trolley wires having electrical »vower in them. 
This causes the trolley system to be one of the worst hazards os present- 
day cozl mining in the United States. 


Fircs Caused by Fall of Trolley Wire ? | = | = 


A fall of roof, top coal, or timber bringing trolley wire in contact 
with the rail or a steel car or a steel band on a combination wood-steel 
car and thereby short-circuiting the trolley line is the outstanding cause 
of fires started by the trolley-locomotive system, especially during recent 
years. 


1. A serious fire caused by a relatively minor fall of roof bringing 
the trolley wire in contact with steel mine cars was discovered by e pumpman 
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who was passing near by. The fire was on the main intake, and attemnts were 

made to fight it direct with rock dust; but explosive gas was detected in 

the return from the fire zone, and all men were ordered out of the mine. The 
mine was sealed at the shart and slone entrances with loss of production and 

other costs. 


The vower was not cut off the mine at the end of the shift and is a by 
no mecns wnusual cause of fires of electrical origin. 


ec. <A fire discovered by a locomotive crew about 2:00 a.m. was caused 
by a fall of roof knocking down a trolley wire, imsniting timbers and two 
cars or coal that were under the wire. The electric mine circuits are not 
sectionalized, and the bonding was poor. 


the locomotive crew fought the fire unsuccessfully, and eventually the 
fire region was sealed. The mine foreman was overcome and killed hen he 
attermted to reach tne fire against the advice of men who had been fighting 
pe ee 


3- A fire was discovered by a machine helner on the night shift who 
was looking for the cause of a power interruption. The fire was on the 
entry where a fall of roof had forced down the trolley wire, causing a short 
circexit. Prompt action by outside nel» quickly extingvished the fire; for- 
tunately, the 17 men working inby the fire were not affected. 


4, A fire caused by an arc formed when a fall of "can" coal carried 
tne trolley wire against the rail was discovered ‘in a mine about 7:00 a.n. 
It wes impossible to reach the fire area a short time later, and the section 
was sealcd by the construction or 11 stopoings. About 3 months after the 
seals frere erected the region toes unsealed, and production was resumed. io 
lives were lost, but the cost ran into thousands of dollars. 


5. Two fires occurred simost simultaneously near the faces of a set 
of five main entries during the night shift, about 11:CO ».m. One of the 
fires, ¢ minor one,.occurred at the nivs of the mining machine inby the 
thirc crosscut from the. face of a main entry and the other at the second 
‘crosscut from the face in a main haulage cntry from a fell of roof coal and 
rock on the trolley wire. The 49 men in the mine when the fires started 
escance. without injury. 


A crcw was organized to fight the fire, and the 16 men who reentered 
the mine were killed by an explosion which occurred about 1:00 a.m. The 
exslosion traversed the entire mine and did extensive damage on the surface. 
Additional explosions occurred on the two succeeding dnys during the erection 
of scels, and several workers narrowly escaped death. The mine vortals were 
sealed without recovering the bodies. | 


About 4 months later the seals were removed and the bodies recovered. 
The investigation revealed that the fire at the machine nips was approx- 
imately a foot in diameter, out much evidence of fire was found near the 
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point where the fall was on the trolley wire and the return cable, and the 
fire radiated from this point. 


6. A trolley wire falling against four cars of horse feed near the 
bottom of the hoist shaft ignited the cars, which started a fire about 7:10 
pen. and took the lives of six mon. The cars were enclosed and constructed 
of yeilow pine lumber, and when the wire fell the motorman jerked them from 
beneath the wire to a place revorted to be heavily timbered and lagged. One 
hundred and fifty-one men escaped uninjured, but 6 men working on the main 
haulaceway about 1,500 feet inby the fire presumably were suffocated. It 
was irmossible to reach the section where these men were working. 


The fire gained headway ranidly and was soon out of control; it was 
feared that accumulated gas in the nearby, unsealed, abandone:. workings 
miskht te drarn across the fire so it wage decided to seal the mine. The 
bodies were not recovered at the time, and sealing of tne mine openings was 
be-u1 coout 17 hours after the start of the fire; the bodies were recovered 
several nonths later. 


{e Wher a face tocs enclied smoke it led to the discovery of a fire on 
a haulage entry (return air) caused by a fall of roof trnocking dovn tne 
trolley wire. The rine was idle on the day of the fire, although a few men 
were working. 


The fire was of cuch magnituse that the face boss telephoned to the 
surface for additional help. 


several rescue teams with oxyeren breathing anmsaratus were taken into 
the mine on several trins near the fire. Between 15 to 20 men were on these 
trins, and all were more or less affecteG by carbon monoxide; all but 9 
managed to make their way into the rvarallel air course and were rescued by 
fellow wormmen; 9 men lost thcir lives. Rescue men wearing oxygen appara- 
tus recovered the bodies of the 9 men, and it was renorted that 24 were 
treatcd for carbon monoxide noisoning during recovery onerations. 


During the recovery of the bodies the fire had zained such headway that 
the seal already started could not be finished, and it was necessary to 
erect scals farther back to enclose the fire region. 


A fire was discovered about 11:15 p.m. by a night foreman when he 
openec the door of a main haulawe roec. Detween two entries. Tne fire was 
burning on both sides of the entry and an air course. Highteen men working 
inby the fire erected a barricade and were rescued approximately 13 hours 
after the fire was discovered. 

A fall of rock on tae trolley wire had caused a short circuit, which 
ignited either a crib or the trap door at the point of origin of the fire. 
io other sources of ignition were Known to ve present. After the men were 
recovered it was found necessary to seal the mine at the surface ovenings. 
Six seals were erected. | 
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9. The following fire resulted from a fallen trolley wire but, unlike 
tne fires nreviously describec, the fall cf roof wes man-made and not, as in 
most cases, a natural fall of roof or coal; the results and effects, however, 
were tie seme, indicating the many ways trolley wire can be short-circuited 
and couse a fire. 


A timberman "scalinz" roof caused a roof fall, which broke the trolley 
wire and allowed it to come in contact with the rail. The timberman pushed 
the trolley wire against the rib ana went about 1,000 feet to open a circuit 
brev-ker. The fire caused by the trolley wire spread rapidly. Sixty-six of 
the 1&5 men in the mine were tranved inby the fire. Unsuccessful ettempts 
were made to control the fire and to reach the men inside. Sealing of the 
fire area was started; but an increased gag content made it hecessary to with- 
draw the recovery crew to the surface, and the mine was sealed at.the surface 
onenings, with the 66 men inside. Futile attemots were made to resch the 
entorved men by drill holes from the eo and all 66 cerished. 


This fire occurred in one of four paReiiei entries and on the intake 
Bir. | 


nenarics 


The above are but a few of the scores of fires started by short cir- 
cuits in trolley lines caused when falls of roof, coal; or timber brought 
dowi trolley wire. These fires show that trolley wire is an ever-present 
thrents of fire in all parts of tne mine where it is used, as essentially 
no vort of a coal mine is frce from possibility of falls of roof or top 
coale liany of these fires occurred on the main haulage roads on intaxe air, 
and although there was loss of life in only a few of them the »nroverty dam- 
age and loss of oroduction in all were consicerable. 


Several of the ries illustrate the Gaeied of combatting fires; in 
most of these fires the workers reeched safety when the fire was discovered, 
but fisnting the fires cost lives. hany of the fires occurred during the 
nisht snift and resulted from not cutting the power from electric circuits 
in idle sections; however, tne dcatns occurred in connection with fires that 
wore Ciscovered when the wire fell. - 


Fircs Caused ty Wrecked or Derailed Cars 

tiany mine fires are caused by wrecked or derailed cars coming into — 
contact with the trolley wire or feed cable or kmocking out timber, bringing 
down the trolley wire, which is short-circuited and starts a fire. Usually, 
thesc fires are quickly controlled or extinguished, out the following three 
fires show how easily a Ueey costly fire can be initiated. 


10. .A fire ves iccnvened about 5: 45 a.m. by a pummman when he cntered 
the mince to start a vump. This section was not being worked, and the entry 
was used for car storaze. There were LUU.cars in the entry when 43 loaded 
cars were added, and it was necessary to vush all of them farther into the 
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entry to clear the main line. Unknown to the locomotive crew, 3 cars on the 
far end were derailed and pushed against the 550-volt trolley wire. After 
ousning the trip, the crew left the region and did not vuli the section 


switch “or the storage entry; the automatic circuit breaker did not open, 
and the wire touching the metal on the mine cars burned in two. 


DBfforts to fight the fire were unsuccessful, and the fire region was 
sealed. Fortunately, no one was injured during the fire or sealing opera- 
‘tions. | 


11. At the end of a shift, a fire was started in the main haulageway 
by a wrecked trip that brougnt down the trolley wire. A heavy arc was 
formed, which ignited the coal in the loaded cars when the motorman jerked 
the trip from under the wire. The nower wus cut off by cutting the wire, 
but notural ventilation vermitted the fire to gain headway. <A brakeman 
lost his life attempting to recover fire-fighting a eee when smoke and 
funes forced the locomotive to. be withdrawn. 


An extensive territory was sealed, and 7 years later when nish ens 
made to recover the section tue fire was still burning. The section has 
never bcen recovered, 


12... A loaded 3l-car ae W2.8 being hawled to the outside by a trol- 
ley locomotive when at a curve the coupling between the sixth and seventh 
cars ceme loose, and the locomotive and 6 cars ran ahead of the other 28; 
the latter ran down the main heulageway a short distance, where the first 6 
cars derailed and wrecked. In the ensuing wreck the iron on thc front, end 
of one of the cars was forced against the trolley line and two feeder cables, 
causing a short-circuit, that ignited the wood of the cars, the coal, or both. 


The fire occurred in the middle of the afternoon and was fought by 
playing water on the burning coal: and timbers; it was exeaneeteher the 
OLTOWLE morning, apn eiesr ere without loss of life. 


Remarks | 


Fires from this cause are by no moans rare ana constitute one of the 
greatest fire hazards of bare trolley wire. | 


- Fires. Caused by Contact. of Trolley. Wire 


-_ “Trolley wire. often oe iocden: evosauera: door mee: coal ribs, or 
canvas around doors. These materials may be classed as nonconductors when 
dry; they may become conductors when they become damp by being saturated with 
humid air of a mine or otherwise, and then a leakage of current from the 
bare trolley wire creates a fire hazard. The sparks given orf by a trol- 

ley whecl can ignite brattice cloth or canvas: at door frames when they are dry, 
and this has occurred in numrous instances, A trolley wheel of a locomotive 
may. strike the wood of a door frame or timber, and the resulting flash 

when the whcel is pushed from the trolley wire may ignite canvas or loose ends 
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of cloth at the door; this also has occurred in many places. An overloaded 
trolley wire pressing against any combustible material may start a fire, 

and ;oorly installed or insulated trolley hangers have caused fires by leak~- 
ase of current. 


The following gives some instances of fires from these causes? 


1, A fire, the control of which required the erection of 25 new masonry 
atonnings and the repair of 75 old stoppings, was discovered about 12:15 

Mele DY two trackmen who were eating their lunch and heard a fall. There 
were 218 men in the mine at the time the fire was discovered, and all escapee 
without ao ea 


Mie ee is thought to have been started. from a short-circuited trolley 
hanger or from a roof fall nulling down the 550-volt direct-current trolley 
wire, causing an electric arc that ignited the coal. The former appears the 
more likely cause, as no power interruption was experienced and when the 
trackmen heard the roof fall it was immediately investigated, and a large 
volume of smoke and fumes was already coming from the fire. 


Less than a year before, a fire was caused in this mine by a faulty 
hanger, and. much difficulty was experienced in extinguishing it. 

2. A fire, caused by a small fall grounding the bare trolley wire against 
a door, was discovered about 10:30 p.m. by members of a night-shift crew at 
the entrance to a vanel off the main haulage road. Avparently some one 
failcd to cut the power off. the trolley line when the shift was completed. 


‘hen discovered, the fire had gained headway and had burned the door, 
door frame, and several sets of timbers. This mine is one of the gassiest 
in the United States, and the fire occurred about 600 feet from the pillar 
line of a panel. Fortunately, the airlock system of doors was employed. 
The second door controlling the ventilation for this panel was about 300 
feet inby the burning door, and the fire had not reached it; this inby door 
aiced sreatly in the ventilation control of the fire area and minimized the 
exmlosion hazard. : 

the fire was fought directly with weter, and although much difficulty 
was experienced with Patt ss the fire was brought under control in about 12 
hours... ; 


Remarks 

ilost fires of this. oe are preventable: Proper installation, aline- 
ment, and‘maintenance of the trolley wire would do much to »vrevent fires 
from these sources. | 

In one of these fires the use of air-lock doors for ventilation proved 
effective in controlling the fire. The effectiveness of these doors is 


worthy of note to anyone interested in fighting or controlling fires. The 
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most Gisestrous fires are those that occur on the main intake air and gain 
heacwey rapidly owing to the volume of air nassing over them. A series of 
doors (erected in and along the main intake haulageways) which could be 
closed in time of a fire would not only allow men to escape and prevent 
fumes and. smoke from reaching the inner workings but woul? also allow con- 
trol of the volume of air reaching the fire and probably prevent gas from 
inncr workings from finding ite way over the fire. ) 


fi 


res of Miscellaneous Causes by the Trolley-Locomotive Syvsten 


Fires have been caused by various parts of the trolley-lecomotive 
system other than trolley wir... | 


Track bonds may be a fire hazard. in a mine, and the arcing and spark- 
ing of poor bonds, brotcen rails, or broken bonds can ignite wooden ties or 
coal along the track. Ignitions of this type have occurred. 


Fire Caused by Favlty Track Bond 


A fire was discovered by a haulage crew; the probable cause was a 
faulty rail bond or a jumoer ceble. This fire was fought direct for 3 days 
without success, after which six seals were erected around the fire area. 
Two of tne seals were opened in about 2 weeks, but the fire rekindled, and 
the scals were replaced; two concrete.dams were built and the place flooded. 


Locomotives Causing Mine Fires 


If an electrical fire on = locomotive spreads to the timber or coal 
it may cause a fire; generally these fires are quickly extinguished or con- 
trolled, but in the following case the motorman was evicently killed either 
by shock or falling from the motor, and the fire svresd raoidly. 


Smoke and fumes from fire on tne trolley main heulace road killed a 
motorman ana 12 other men about 1 to.1-1/2 miles inby the fire; 65 other 
men escc..ed uninjured. The bodies (excent that of the motormen) were re- 
covered, and the mine was seeled at the surfece when, efter several days, 
efforts to control the fire were unsuccessful. 


The fire started about 2:55 a.m. near the intersection of two main 
haulage roads about 2-1/2 miles from the slope bottom and avout 1 to 1-1/2 
miles outby the working section, at a 15-ton, double-deck, dunl-control 
trolley locomotive that was pulling - trip of 23 loaded cars to the slope 
bottom. The trip stopped suddenly, and the brakeman when walking from the 
rear of the trip toward the locomotive. saw electric arcing and .a fire at 
the locomotive but, dve to smoke, could not reach the front of the trip. 
He then telephoned the dispatcher to cut off the power circuits in this. 
section. 


the fire was fought direct but became so serious that the mine had to 
be seclea at the surface; the seals were removed in about 3 months, and the 
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mine was recovered. Tre section of the mine where the fire started was 
reached about 17 months after the mine hed been sealed, and the body of 

the motorman and the locomotive *+ which he was killed were recovered. The 
locomotive was brought to the surface, and examination revealed that an 
electrical failure had occurred in the controller, {nasmuch as parts of it 
were fuses, and holes had been burned through the controller shield. When 
attemots were first made to combat the fire, it wns found treat a fall of 
shale and timber had voulled down the 550-volt, direct-current trolley line 
about 25 feet outby the locomotive. This fire cost 13 lives and tens of 
thousands of dollars. 


Waterial on Supply Trip Short-Circuiting Trolley Wire 


A fire, which fortunately was fought promotly but which had possibilities 
of ccusing a disaster, is descrited in the following: 


A nine fire resulted when conveyor nens piled too high on a sunply 
train failed to clear a steel tinber and touched a 6/0 trolley wire and a 
1,000,0CO-circular-mil return cable, causing a short circuit. The supply 
train contained an explosives car with 1,700 sticks of permissible explo- 
sives; a car of sand; a truck with 50 gallons of lubricating oil; two trucks 
each with 104 feet of 36-inch belting; and 5 cars of conveyor vans 12 feet 
lon: aud.36 inches wide. 


The fire occurred on the main haulage road about 30 minutes after two 
mana-trivs of the night shift had entered the mine. The 163 men in the mine 
escanec unassisted but had to travel through smoke, and they escaped with 
consideraole difficulty. 


Prompt assistance from the outside enabled the explosives car and car 
of oil, which were on the enc of the trip away from the fire, to be pushed 
away. The fire was fought directly and extinguished in about 12 hours. 


SUMMARY 


A brief discussion has teen given after each grous of accidents de- 
scribec. in which causes were similar; the discussion was confined largely 
to that part of the trolley-locomotive svstem which was the direct cause; 
and although several contributing factors were recognized, little or no 
refere:.ce was made to them because, regardless of inadequate ventilation, 
substandard practices, lack of -supervision, and numerous other contributing 
causes many, probably all, of accidents described would have been prevented 
by some form of transportation or haulage other than the trolley system. 


Accidents of various kinds due to the trolley system (and many others 
not given). show that bare trolley wires were directly involved in most of 


the fatal shocks, explosions, and fires caused by electricity; other parts 
of the trolley-locomotive system also contribute to a amaller extent. 
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The explosions occurred in virtually all narts of mines - some in the 
return air courses or near the working places and others in fresh air in 
suyrosedly fresh-air intake. Tuey vividly bring out the hazards of trolley 
wires and show that the danger of igniting gas or dust by electric arc is 
not confined to working places. Wany mining companies know and recognize 
the hazards of electric arcs in tne face region, employ permissible equip- 
ment, «nd conscientiously attempt to eliminate lmown ignition hazards in 
the foce region; but they use trolley locomotives and extend trolley wires 
close to the face as possible, in many cases operating wholly in return- 
air currents without regard for the potential sparking or arcing hazards. 
Adevuate ventilation, nrorerly controlled and course*, would heve prevented 
several of the explosions listed, but carelessness with ventiiation on trol- 
ley neulese roads appears to be one of the most notable of the numerous 
incon::ruities in connection with safety in operating United States coal 
mines. Precautions usually are taken at the face rezion to nrevent ignitions, 
but it is rarely realized tnat gas-air mixtures within the exnlosive range 
may travel a considerable distance until they meet an iznition agency, such 
as a trolley wire or trolley locomotive. Several exolosions have resulted 
when on are from a trolley wire ignited gas forced on the entry by falls or 
othor activating cause some distance away, or in supposedly gas~free entries 
where Sas accumulated due to short-circuiting of the air, such as might 
occur in an air lock between doors or in a high, unventilated place in an 
entrv. . 


Any electrical installation or equipment canable of igniting gas will 
always be a votential ignition hazard, and this apvlies to all coal mines, 
as many ignitions due to the trolley system have occurred in so-called non= 
gassy mincs. The coal dust of »ractically all bituminous coal mines can be 
ignitea by an electric arc, and trolley wire and trolley locomotives con- 
stitute a class of installation that cannot be made permissible or safe. 

In other words, they are inherently unsafe and hazar‘ous whenever used in 
coal mines, even in untimbered rock tunnels or otner »laces that have in 
themselves no combustible matter, because lozded (or in some czses empty) 
cars or trips or coal that - hes accumulated along the floor through leaking 
or faliing from cars supplies the flammable material. 


she initiation of fire by trolley wire is almost unslogous to the 
initiation of explosions. The causes are essentially the seme -— short- 
circuiting of trolley wire from roof falls, wrecked trios, ond contact with 
conbustitle materials or equipment - the main difference being that in the 
presence of gas or of col dust in suspensioniin air any are formed is likely 
to initiate an explosion rather than merely a fire. Fires occur in virtually 
the seme places as explosions, as they have originated in essentially all 
sections of mines where trolley wire extended. However, unlike explosions, 
loss or life from fires cnused by the trolley system has been: relatively 
low until the past few years, although the property damage hres been con- 
sicersble every yeer for the prst 3 decades but greatly increcsed during 
the vast 3 or 4 vears. | 
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In several fires started by the trolley system the vrotection circuit 
breekers or switches were considerable distances frou the origin of the 
fire, and by the time they were opened the fires hed gained much headway or 
were out of control. In some mines circuit breakers failed to operate to 
intcrruot the flow of electricity; in many cascs this probably was due to 
the necessity of setting the release high enough to handle momentarily 
heavy loads on the circuit or possibly low voltage due to a large amount 
of eauipment in use, with the result that the amount of current passing 
through the path caused by the short circuit was too low to trip tke release. 
The necessity of setting the release high because of increased equipment 
has greatly augmented the danger of fire and largely nullifies the protection 
circuit breakers should offer; even when set at normal capacity they have 
proved ineffective, in many cases in preventing fires from the short-cir- 
cuiting of the trolley wire. | 


The deenergizing of the trolley circuit during off shifts or idle 
periods and the utilization of sectionalizing switches to remove power 
from circuits not being used by the locomotive probably would have pre- 
vented Many fires which occurred during the night or on off shifts and 
burned undetected for many hours until discovered by mine officials after 
gaining considerable headway. The use of trolley wire as conductors for 
direct-current equipment, such as pumps, drills, and lights, procludes 
deenergizing the trolley wire when the locomotive is not in that particular 
section, adding to the numerous hazards of the bare trolley wire. Never- 
theless, during idle periods in any section the power should be cut off 
that section; and power should be removed from the entire mine, so far as 
feasible, when men are not in the mine. 


The danger of contact with or shock from trolley wire is about the 
only: hazard of this‘entire system that can be partly controlled or elim- 
inated. Guarding or shielding trolley wire where it is less than 6-1/2 
feet above the rail probably would eliminate (or at least greatly reduce) 
the number of electrocutions and injuries from this source; however; to 
make this effective the wire should be shielded throughout its length rather 
than at certain parts of the system only. Although guarding the trolley 
wire probably would reduce the dangercof shock and contact, the potential 
hazards of gas or coal-dust explosions and fires would still be present 
wherever wire is installed in all coal mines. However, certain types of 
guarding increase the firo hazard and in addition introduce a new one, 
inasmuch as loose or partly split wooden trolley guards have caused motor- 
men and others to be severely injured or even killed. 


Any coal-mine installation such as a trolley-locomotive system, which 
is known to have initiated gas or dust exvlosions, has originated fires, 
jeopardizes the life of workmen throughout its entire length by danger of 
contact, and has many inherent nezards that cannot be eliminated calls 
attention to the need of some far arfer type of coal-mine haulage. Despite 
tte. numérobs operating advantages, unquestionc:bly the trolley haulage system 
should be superseded by some other method or methods of transportation. 
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POSSISLE METHODS OF TRANSPORTATION OTHER THAN 
THE TROLLEY-LCCOMOTIVe SYSTEM 


‘The trolley-locomotive system has so many advantages to mines from an 
operating point of view that its inherently hazardous characteristics have 
always peen and probably for many years will be ignored. A substitute main 
haulage system to supersede the trolley tc any considerably extent has nu- 
merous cbstacles to overcome, even though the trolley system mst be rec- 
.ognized as one of the worst influences in any mine so far as safety is 
concerned, Meany improvements and alterations could be made in the trolley- 
locomotive system that probably would avert some of the types of accidents 
to which attention has been celled; and improvements and alteratjons that 
can be mde probably will minimize some of the numerous hazards, but the 
system is so inhorently unsafe that it is absolutely impossible to make it 
even reasonably safe, irrespective cf any precautions that can be taken. 
The numerous hazards cen be eliminated only by removing trolley wire and 
trolley locomotives from coal mines. This statement is made with full recog- 
nition of the etorm of protest likely to arise.in the coal-mining industry; 
nevertheless, it is a thought that should be considered most carefully by 
those respcnsible for taking the necessary precautions toward safeguarding 
both the minee and the mine workers of the United States. 


. Within the past e@ decades, several methods other than the trolley 
system of transporting coal from the mine have been in successful operation 
at individval mines, more especially in highly concentrated mechanized mines, 
all of which reduce the amount of use of trolley locomotives. 


Permissible Storage-Battery Locomotives 


For mines thet depend on the use of tracks for primary and secondary 
haulage, permissible storage-battery locomotives are available; they have 
not been utilized in this country tc any great extent for main haulage, 
although a few large mines'in the United States use them. exclusively for 
all underground haulage, main as.well as gathering, In the United States, 
however, storage-battery Locomotives are used primarily for gathering or 
secondary haulege in gassy sections of a mine. The development of quick- 
changing batteries similar to thcse used in shuttle cars should greatly 
encourage use of these self-contained locomotives for all mine purposes. 
There are no rccords of explosions attributed to permissible storage-bettcry 
lccomotives when maintained in e permissible condition, and they have caused 
relatively few fires. 


Among the late developments in mine haulage are rubber-tired shuttle 
cars, which have had some success, not only in coal mines but also in salt, 
potash, and bauxite mines, for gathering in cooperation with a loading wnit. 
Some of these cars are self-contained, being powcred by storage batteries, 
and-they transport to belts or to car haulage. Cable-reel-type shuttle 
cars have tho disadvantages of cable-recl locomotives in that there are the. 
numerous hazards of the cable. 
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Conveyor Systems 


Belts and chain, flight, or shaker conveyors have displaced many thou- 
sand feet of trolley wire and track and are used in both hand-loading and 
mechanical-loading mines. Generally the conveyor system is used for taking 
coal from production units or as gathering units delivering the coal to 
rail-haulage units or to cther belt units. There are, however, several 
successful operations where belts are used for main-line transportation, 
the coal being carried several thousand feet from the face to the surface 
by belt conveyors; the use of conveyor equipment has enabled many mines to 
operate ‘that might otherwise have been abandcned had they been forced to 
rely upon the usual methods of transportation. 


Storage-battery locomotives have operating characteristics that make 
them well-adapted for gathering or secondary haulage in mines, but in gen- 
eral they have not been found to answer the requirements of main-haulage 
as well as trolley locomotives. However, some progressive mining companies 
have displaced trolley-locomotive haulage by storage-battery haulage because 
of the fire and other hazards of the trolley system. 


In the past, various kinds of main haulage have been tried and abandoned; 
mule trains, gasoline, steam or compressed-air locomotives, and locally tail- 
rope haulage all have been tried, used to some extent, and then discontinued 
when he&vy requirements were encountered or from other reasons. 


Diescl Locomotive 
{foe ee ee 


Diesel locomotives of especial construction are suggested to replace 
trolley locomotives, especially for main-line haulage; locomotives cf this 
type, when carefully constructed and operated, have proved to be economical, 
efficient, and safe for use in the driving some large tunnels in the United 
States, but numerous objections have heretofore prevented their development 
and use in United States coal mines. They have had Government approval and 
have been employed for many years in Germany, France, and Belgium, where 
they replaced storage-battery, gasoline, and compressed-air locomotives in 
gassy and nongassy mines and electric trolley locomotives in nongassy mines. 
They were first used in the Saar mines about 1927; their number gradually 
increased up to the start of the present war, and they may have been devel- 
oped further during the war years. British coal mines have been slow to 
use Diesel locomotives underground, but a few have been placed in mines, 
and it is understood that one or more British machinery companies are man- 
ufacturing them for use in coal mines. In the United States, field and 
Laboratory workers of the Bureau of Mines have been studying, investigating, 
_and testing Diesel locomotives for underground use in coal mines for several 
years, and an approval schedule has been authorized for testing Diesel loco- 
motives for use in coal mines, It is believed that Diesel locomotives will 
be available as soon as war conditions make the materials necessary for their 
manufacture available, 


The locomotives used in foreign countries are of the single-, two-, 
and six-cylinder types, ranging from 9 to 85 horsepower. Specially designed 
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and redesigned Diesel locomctives have been used in tunnel driving in the 
United States in recent years, and most cf the so-called “bugs” eliminated, 
including those constituting the many objections against their use in this 
country. It is now believed that Diesel locomotives can be so manufactured 
as to place them on a safety scale equal to that of permissible storage-bat- 
tery locomotives. The exhaust of the Diesel, when correctly designed and 
carefully operated, is virtually free of carbon monoxide owing to the almost 
complete combustion of the fuel. It has been found that the movement of about 
74 cubic feet cf air per minute per brake-horsepower will dilute the carbon 
monoxide below the percentages affecting human beings. The other toxic 
exhaust gases and fumes are removed or rendered harmless by dilution with 
air and by scrubbing devices that cool and largely decdorize them. Puc ing 
flame-arresting devices at the exnaust and intake largely, if not wholly, 
eliminates the gas-ignition hazard. 


Frequent in epections, with proper maintenance and attenticn, are re- 
quired to maintain this equipment in condition for safe operation, but in 
the count:'les where these locomotives are used it is said that this has pre- 
sented no insuperable difficulties. From the experience gained in foreign 
countries anc from investigations and tests by the Bureau of Mines in the 
laboratory and in tunnel driving in the United States, it appears that mcst 
of the objections to Diesel locomotives in coal mines "have been overcome, 
that they offer a method of undergrcund transportation far less hazardous 
than the trolley loccmotive system and that they are at least on a par with 
trolley loccmotives from the very important viewnoint of efficiency and cost 
of hauling material. 


At present, a large coal company in the Appalachian district is con- 
sidering the use of Diesel locomectives for underground haulage in two new 
mines, where the anticipated production of each is about 5,000 tons aaily. 
This company contemplates using 15- to 18-ton Diesel locomotives, These 
locomotives are being considered: (1) To eliminate the hazards of the trol- 
ley wire; and (2) by eliminating the need of direct current for haulage 
equipment to permit the use of alternating current on all other electrical 
equipment, thus allowing operation of the mines with one system of power | 
lines rather than two, as at present. The company specified that the loco- 
motives mest bear the approval of the Bureau of Mines before being placed 
in operation; if this company installs Diesel locomotives, delivery of one 
of them my be made during the latter part of 1945, 


The adoption of Diesel locomotives for main-line haulage and use in 
conjunction with shuttle cars, various types of conveyors, or permissible 
storage-battery locomotives, for gathering and secondary haulage appears 
to present the best available means of eliminating the fire, ignition, and 
contact hazard of the thousands of feet of bare trolley and feeder wires 
found in mines using the trolley-locomotive system, now eee to total 
at least 50,000 miles in underground workings. 
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CONCLUSION 


This paper is confined to discussion of the many hazards of the trolley- 
locomotive system, particularly those of the trolley wire, and gives typical 
examples of how this entire system has initiated gas cr dust explosions, 
originated fires, and jeopardizes the life of workmen throughout its entire 
length by danger of contact. The system has so many inherent hazards that 
cannot be eliminated that despite its numerous operating advantages attention 
is called to the need of some far safer type of coal-mine haulage that would 
eventually displace a system using bare trolley wires for the source of power. 
In making this statement full cogmtzance is taken of the enormous capital 
investment of approximately 50,000 miles of underground trolley-haulage 
systems in the United States; nevertheless, it is a thought that should be 
considered carefully by those responsible for the safeguarding both mines 
and mine workers. 


Regardless of the many hazards that were cited it cannot be expected 
that this system of haulage can or will be superseded by other systems in a 
short time, as both financial and commercial difficulties would almost pro- 
hibit a drastic change. Having knowledge of the many hazards and leern- 
ing many lessons from previous disasters, explosions, and fires resulting 
from these known hazards, the mining industry can make the trolley-haulage 
system much safer by adopting corrective measures and following well known 
safety precautions. 


The accidents discussed in this paver were classed in three groups: 
Contact of persons with wires or other electrical parts; gas or dust explo- 
sions; and fires, all from the trolley locomotive-haulage system. Relatively 
little discussion has been included after the description of these accidents 
or what precautionary measures might have prevented them, for it is believed 
that the only feasible method of prevention is the elimination of trolley 
wire in underground workings. However, some of the hazards apply to all 
three classes of accidents, while others are responsible for only one clase. 
Although it is known that these hazards cannot be eliminated it is believed 
that the following suggestions will greatly minimize thom. 


Contact Hazards 


The contact hazard could be greatly minimized by shielding every foot of 
the trolley wire, and certainly this should be done unless the bare trolley 
wire is at least 6-1/2 feet (preferably 7 feet) above the rail; this un- 
doubtedly would be of value even though expensive, but the absence of guards 
ie not entirely responsible for accidents, as factors of carelessness and 
neglect in observance of simple rules concerning installation and maintenance 
and use cause many accidents. 


The trolley wire should be properly installed and located in relation to 
the track. Placing the trolley wire at least 6 inches outside of the rail, 
properly alinedc with sufficient hangers, not far apart, locating it on the 
side opposite the clearance side of haulage ways, and having adequate main- 
tenance should aid greatly in decreasing the number of shock accidents. 
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Fxplosion Hazards 


EopLesions cf gas and coal dust initiated by the numerous sparks and 
arcs given orf by parts cf the trolley-locomotive system have been discussed 
in some detail, the sparks or arcs resulting principally from the trolley 
wires, either by falling and making contact with other objects or by the 
contect of the trolley wheel or harp with the wire. Little can be done to 
prevent this sparking or arcing, and this hazard will always be present; 
however, the danger of explosions from this cause can be greatly reduced by 
operating tne locomotive and extending the trolley wire in an air current 


which igs adequate to reduce and carry off anv liberated or accumulated 
Tireduzp. : 

rveventicn cf gas explosions is largely a question of adequate ven- 
tilation and the eliminaticn of the source cf ignition. The resuits of this 
Sre scon in the adoption of permissible machinery; theie is no case on record 
of permissible equipment, maintained in a permissible condition, being the 
cause of an explosion. The trolley-haulage system cannot be made permissible, 
and the only way that it can be operated with any reasonable degree of safety 
and minimize the danger of explosions is in pure intake air. 


The trolley locomotive should not be operated nor should the trolley 
wire be extended beyond any open crosscuts, into rooms, longwall faces, 
pillar workings or beyond continuously operating ventilating circuits effec- 
tively controlled by ventilating doors or stoppings. Curtains and loose gob 
stoppings or doors cr atoppings that allow considerable leakage shoulda not 
be considered effective. 


Return airways cr eirways that receive air which has passed through 
old or abandoned workings should nct be used as haulageways for trolley loco- 
motives. 


Where doors arw necded to control the ventilation circuit they should 
be erectcd in pairs to form air lcecks, sc that damage to one will not short- 
circuit or derange the ventilation. 


“Tt ppine" or "stinging" the trolley wire when equipment is being moved 
should be prohibited. 


Coal-dust explosions have been initiated by arcs or sparks from the 
trolley system, even when no gas hag been present; likewise, the ignition of 
a small pocket of gas has caused widespread dust explosions. These can be 
greatly minimized by allaying the coal dust, and there is ample evidence of 
the effectiveness of rock dust in limiting explosions and of certain wetting 
methods in allaying dust. 


The havlageways where the trolley locomotive travels should be ad- 
equately rock-dusted and the rock dust maintained so that a wrecked trip, 


or arcs from a fallen trolley, have little possibility of igniting the dust 
thrown into suspension, Water or a wetting agent should be used on all 
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loaded trips; cars should be kept in repair to prevent leakage and should 


not be overloaded so that coal will fall or roll on the roadway and be ground 
into dust. 


Fires 


Fires caused by the trolley-locomotive system have been shown to be one 
of its greatest dangers. All of its numerous hazards may result in fires, 
and therefore this hazard is most difficult to control. Explosions can be 
reduced by adequate ventilation and precautions in using the locomotive, 
but a fire is possible along every foot of a trolley wire in a coal mine. 


The following suggestions will not prevent fires but if followed will 
aid greatly in reducing the number and intensity of mine fires. Care should 
be exercised while installing trolley wires and bare feeder wires so they do 
not touch the roof, timbers, door frames, or other combustible material. When 
wires pass through door frames, a fire-resistant brattice cloth or other 
similar precaution should be used around doors. 


Where curtains are used, provision should be made to prevent the brat- 
tice cloth of curtains from coming in contact with the trolley wire. 


The trolley hangers should be suitably insulated and properly spaced, 
with enough hangers to prevent sagging; this is also a precaution against 
contact hazards. 


The trolley line should be deenergized when not in use, and during idle 
and off-shift periods. 


The trolley and feeder system should be sectionalized, with the section 
switches easily accessible and well-marked at intervals not exceeding 1,500 
feet. 


All rail joints should be bonded and crossbonded at regular intervals. 
Regular and periodical inspection should be made of bonds, and the bonding 
should be properly maintained. 


Positive and sensitive automatic circuit breakers should be installed. 
Circuit breakers do not offer 100-percent protcction against fires from all 
ehort circuits; but if properly set, adjusted, and maintained offcr a fair 
degrce of protection. They are not effective if sct too high to overcome 
an overloadcd circuit serving more equipment than for the load which the 
circuit broakcr was designed. Many mining companies depend on circuit 
breakers but dcfcat thcir usefulness by sotting the tripping relcase too 
high. Tho circuit breakcrs should be periodically inspectcd, cleaned, and 
testcd to insure proper functioning. 


Tho roof and timbering in haulagoways should be inspected more fre- 
quently and better-maintained than at present to prevent the dislodgcement 
of the trolley wire. The roadbed and track of haulageways end mine cars 
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shoulda be properly maintainec tc minimize the hazards of derailment with 
consequent knocking cut timbers and bringing down the trolley wire. 

Troiley haulage roads should be kept as nearly as pcessible free of loose, 
finely cxound, combustible dust, and certeinly road cleanings should not be 
piled azainst the rib along trolley naulege roads, as they supply a ready, 
quickly ignited Puel for the arc of a trolley wire and also allow quick 
spreading cf any fire that gets started. 


Troliey haulage roads should be sectionalized by placing doors along 
end im tnem in such manner that in case of fire in any vert of a trolley 
naulezgs road the closing of one or possibly several doors would isolate and 

essentially seal the Baan in which the fire has occurred. At ordinary 
times these doors could be he eld open or closed in acCOECenc? witn their 
exfect upon ventilation. 


A more detailed discussion of suggestions for improvements in the 
existing trclley-wire system for minimizing the hazards of arcs and sparks 
ic contained in Infcrmetion Circular 7302, Prevention of Fires Caused by 
Electric Arcs and Sparks. from Trolley Wires, by F. E. Griffith, #. J. Gleim, 
R. T. Artz, and D, Herrington, issued in Novembcr 194. 
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